We describe QUAERO, a method that (i) enables the automatic optimization of searches for physics beyond the standard model, and (ii) provides a mechanism for making high energy collider data generally available. We apply QUAERO to searches for standard model WW , ZZ, and tt production, to searches for these objects produced through a new heavy resonance, and to the first direct search for W 0 ! WZ. Through this interface, we make three data sets collected by the D0 experiment at p s 1. It is generally recognized that the standard model, a successful description of the fundamental particles and their interactions, must be incomplete. Models that extend the standard model often predict rich phenomenology at the scale of a few hundred GeV, an energy regime accessible to the Fermilab Tevatron. In part because of the complexity of the apparatus required to test models at such large energies, experimental responses to these ideas have not kept pace. Any technique that reduces the time required to test a particular candidate theory would allow more such theories to be tested, reducing the possibility that the data contain overlooked evidence for new physics.
Once data are collected and the backgrounds have been understood, the testing of any specific model in principle follows a well-defined procedure. In practice, this process has been far from automatic. Even when the basic selection criteria and background estimates are taken from a previous analysis, the reinterpretation of the data in the context of a new model often requires a substantial length of time.
Ideally, the data should be "published" in such a way that others in the community can easily use those data to test a variety of models. The publishing of experimental distributions in journals allows this to occur at some level, but an effective publishing of a multidimensional data set has, to our knowledge, not yet been accomplished by a large particle physics experiment. The problem appears to be that such data are context specific, requiring detailed knowledge of the complexities of the apparatus. This knowledge must somehow be incorporated either into the data or into whatever tool the nonexpert would use to analyze those data.
Many data samples and backgrounds have been defined in the context of SLEUTH [1] , a quasi-model-independent search strategy for new high p T physics that has been applied to a number of exclusive final states [2, 3] in the data collected by the D0 detector [4] during 1992-1996 in Run I of the Fermilab Tevatron. In this Letter, we describe a tool (QUAERO) that automatically optimizes an analysis for a particular signature, using these samples and standard model backgrounds. SLEUTH and QUAERO are complementary approaches to searches for new phenomena, enabling analyses that are both general (SLEUTH) and focused (QUAERO). We demonstrate the use of QUAERO in eleven separate searches: standard model WW and ZZ production; standard model tt production with leptonic and semileptonic decays; resonant WW, ZZ, WZ, and tt production; associated Higgs boson production; and pair production of first generation scalar leptoquarks. The data described here are accessible through QUAERO on the World Wide Web [5] , for general use by the particle physics community.
The signals predicted by most theories of physics beyond the standard model involve an increased number of predicted events in some region of an appropriate variable space. In this case the optimization of the analysis can be understood as the selection of the region in this variable space that minimizes s 95% , the expected 95% confidence level (C.L.) upper limit on the cross section of the signal in question, assuming the data contain no signal. The optimization algorithm consists of a few simple steps:
(i) Kernel density estimation [6] is used to estimate the probability distributions p͑ x j s͒ and p͑ x j b͒ for the signal and background samples in a low-dimensional variable space V , where
The signal sample is contained in a Monte Carlo file provided as input to QUAERO. The background sample is constructed from all known standard model and instrumental sources.
(ii) A discriminant function D͑ x͒ is defined by [7] D͑ x͒ p͑ x j s͒ p͑ x j s͒ 1 p͑ x j b͒ .
The semi-positive-definiteness of p͑ x j s͒ and p͑ x j b͒ restricts D͑ x͒ to the interval ͓0, 1͔ for all x. (iii) The sensitivity S of a particular threshold D cut on the discriminant function is defined as the reciprocal of s 95% . D cut is chosen to maximize S .
(iv) The region of variable space having D͑ x͒ . D cut is used to determine the actual 95% C.L. cross section upper limit s 95% [8] . When provided with a signal model and a choice of variables V , QUAERO uses this algorithm and D0 Run I data to compute an upper limit on the cross section of the signal. Instructions for use are available from the QUAERO web site. Table I shows the data available within QUAERO, and Table II summarizes the backgrounds. These data and their backgrounds are described in more detail in Ref. [3] . The final states are inclusive, with many events containing one or more additional jets. Kolmogorov-Smirnov tests have been used to demonstrate agreement between data and the expected backgrounds in many distributions. The fraction of events with true final state objects satisfying the cuts shown that satisfy these cuts after reconstruction is given as an "identification" efficiency (e ID ). Because electrons are more accurately measured and more efficiently identified than muons in the D0 detector, the corresponding muon channels mE ͞ T 2j and mm2j have been excluded from these data.
To check standard model results, we remove WW and ZZ production from the background estimate and search (i) for standard model WW production in the space defined by the transverse momentum of the electron (p e T ) and missing transverse energy (E ͞ T ) in the final state emE ͞ T , and (ii) for standard model ZZ production in the space defined TABLE II. Standard model backgrounds (often produced with accompanying jets) to the final states considered. VV denotes WW , WZ, and ZZ; "data" indicates backgrounds from jets misidentified as electrons estimated using data. Monte Carlo programs (ISAJET [9] , PYTHIA [10] , HERWIG [11] , and VECBOS [12] ) are used to estimate several sources of background. we search (xi) for first generation scalar leptoquarks with mass 225 GeV in the final state ee2j using m ee and S T , the summed scalar transverse momentum of all electrons and jets in the event. The numerical results of these searches are listed in Table III . Figures 1 and 2 present plots of the signal density, background density, and selected region in the variables considered. We note slight indications of excess in the searches for tt ! eE ͞ T 4j and tt ! emE ͞ T 2j (corresponding to cross section 3 branching fractions of s 3 B 0.39 20.08 pb) that are consistent with our measured tt production cross section of 5.5 6 1.8 pb [14] and known W boson branching fractions. Observing no compelling excess in any of these processes, limits on s 3 B are determined at the 95% C.L. As expected, we find these data insensitive to standard model ZZ production (with predicted s 3 B ഠ 0.05 pb), and to associated Higgs boson production (with predicted s 3 B & 0.01 pb). As a check of the method, QUAERO almost exactly duplicates a previous search for LQLQ ! ee2j [15] .
Standard model backgrounds
QUAERO is a method both for automatically optimizing searches for new physics and for allowing D0 to make a subset of its data available for general use. In this Letter, we have outlined the algorithm used in QUAERO, and we have described the final states currently available for analysis using this method. QUAERO's performance on several examples, including both standard model and resonant WW, ZZ, and tt production, has been demonstrated. The limits obtained are comparable to those from previous searches at hadron colliders. The searches for ZZ ! ee2j, Z 0 ! tt ! eE ͞ T 4j, Wh ! eE ͞ T 2j, and Zh ! ee2j are the first from D0, and the searches for W 0 ! WZ and resonant WW and ZZ production are the first of their kind. This tool should increase the facility with which new models may be tested in the future.
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